proposed a countercurrent multiplier model to explain the formation of a concentrated urine. There has been much discussion (2, 5, 11, 12, 18, 19) concerning the "driving force" of this model but now it is believed (1, 8) If this was not seen, the latex cast was dissected using conventional microdissection techniques. In all instances (eight) the cast was followed into the cortex where it terminated by communicating with one or more similar structures which were believed to be other distal tubules. The preliminary identification made from the appearance of the perfused structures was thus confirmed.
METHODS
Rats of the Sprague-Dawley strain weighing 150250 g were used. Water diuresis was induced and the papilla isolated and prepared as described previously (14). To allow osmolal equilibration the tissue was incubated for 1 hr in medium at 25 C.
The perfusion pipette was always at the cortical end of the papilla and thus the flow of fluid in the ascending limb was in the opposite direction to that pertaining during life. In the descending limbs and collecting ducts, flow was in the physiological direction.
In studies on the descending limb the expanded portion was not included in the perfused segment. In every experiment an attempt was made to puncture and perfuse at least one of each of the following structures : collecting ducts, vasa recta, descending and ascending limbs of loops of Henle. The perfusion rate was 30 nliters min-l. Directly downstream from the perfusion site a second pipette was inserted into the structure being perfused and a collection commenced. During the period of collection the diameter and length of the perfused segment were measured using an eyepiece micrometer.
The volume collected was greater than 20 nliters and in 60 % of the perfusions duplicate samples were obtained.
In a small number of experiments first one and then the other limb of the same loop of Henle was perfused.
The expanded portion of the descending limb was too short to be punctured with both perfusion and collection pipettes. In order to determine its permeability the loop of Henle was punctured proximal to this segment. Collections were made at the beginning and end of the expanded portion of the descending limb. The concentration of THO in both collections of fluid was determined and the concentration in the fluid collected at the beginning of the expanded segment was considered to be the initial concentration for determining the permeability of the expanded segment to THO. Vasa recta could be classified in two groups. In one type, lissamine green diffused through the wall into the interstitium.
In the second group, lissamine green Collecting ducts were identified by their typical stayed inside the lumen. The latter vessels descended a pattern and the exit of colored perfusion Auid at the tip of variable distance towards the tip of the papilla before the papilla. The shape of the loop of Henle enabled it to giving off branches that either terminated in a diffuse be identified and the ascending and descending limbs patch of dye or joined to another vas rectum. By analogy were separated, while being perfused, by using the with the studies of Steinhausen (17) these vessels were criteria of Steinhausen (17). A limb narrower than the probably the descending limbs of the vasa recta. This other but expanding before the hairpin bend was latter group was the one usually studied. 
RESULTS
The mean diameters of the structures perfused are given in Table  1 . nTo change in diameter was detected when the osmolality was increased or when ADH was added.
Perfusion fluid and medium of the same osmolality (500 milbiosmols). Under the conditions of this study the osmolality of the perfusate did not change significantly (Table  2) . The inulin concentration in the collecting duct and loop of Henle fell by an amount similar to that found in the previous study (Table  2 )J The fall in inulin concentration in the vasa recta was greater than in any part of the nephron (see Table 2 ) and this reflects the greater permeability of these vessels to inulin. This loss of inulin meant that values calculated for vasa recta were approximations.
To calculate the permeability coefficients for water and urea it was assumed that there was no net movement of water when the osmolality and composition of the perfusate and medium were the same. The results of these calculations are given in Table 3 and Figs. 1 and 2. It can be seen that the descending limb of the loop was twice as permeable to water a,s the ascending limb. The permeability properties of the descending limb appeared to change before the hairpin bend and in the wider portion were similar to those of the ascending limb (Table 4 ).
-----1 Chromatographic analysis of inulinJ4C showed that 3-SG/', of the 14C label was not attached to in&n. This is the probable explanation of the fall in inulin concentration.
In support of this we found the same fall in inulin-i4C concentration at flow rates ranging from 6 to 60 nliters min-r and at perfusion distance ranging from 0.70 to 4.20 mm. In three experiments using a fluorometri,c method for inulin analysis, no change in inulin concentration was detected.
We do not believe that the nephron is permeable to inulin, In contrast to the marked difference in permeability to water, the permeability to urea of these three medullary segments of the nephron was similar (Table 3 , Fig. 3 ). This dissociation between the permeability to water and urea is illustrated in Fig. 4 which represents experiments in which first one and then the other limb of the same loop of Henle was perfused and simultaneous determinations made of permeability coeficients for water and urea.
Antidiuretic hor none did not change the permeability of the loop of Henle to water or urea but increased the permeability of the collecting duct. Perjusion &id (500 milliosmols) &otonic to medium (700 milliosmols); mannitol (200 mM> in medium. The ratio of the inulin concentration of the collected fluid to that of the perfusate rose to the same extent as the osmolal ratio implying that mannitol did not enter the perfusate. The rise in both ratios was greater in the descending than the ascending limb and when the net water flux per unit difference in osmolality was' determined this was an order of magnitude greater in the descending limb (Table 5 , Fig. 5) . Th e unidirectional flux was similar to that determined when there was no osmolality difference. In the collecting ducts unidirectional and net water flux were greater when ADH was present but in the other structures no significant effect of ADH was observed. In the next series of experiments NaCl or urea was added to the medium to increa.se the osmolality to 700 milliosmols.
Since the distance perfused and the initial difference in osmolality was the same, the relative osmotic effectiveness of mannitol, NaCl and urea in producing loss of water could be compared (Table 6 ). In the ascending limb and collecting duct there was no difference in the volume of water abstra,cted by sodium chloride and an equivalent amount of mannitol (P > 0.2). In the descending limb sodium chloride removed 60% less water (P < 0.001). In all the rnedullary segments of the nephron urea removed significantly less water than mannitol (P < 0.001; P < 0.05 for AL). In this same series of experiments the net amount of solute entry could be calculated for each segment using the inulin and osmolal ratios. When additional sodium chloride was in the medium the entry of solute into the descending limb was greater than when mannitol was present (P < 0.001). Much less solute entered the ascending limb than entered the descending limb (P < 0.001). This amount was greater than that entering when mannitol was in the medium but the difference was not statistically significant (0.1 > P > 0.05). The degree of net solute movement in the collecting duct was similar when sodium chloride or mannitol was present (P > 0.2). When additional urea was present in the medium the amount of solute entering all structures was greater than that in the presence of mannitol (P < 0.001) confirming the diffusional permeability coefficients which showed all segments to have a similar permeability to urea.
DISCUSSIoN
The descending limb of the loop of Henle is the segment of the papillary nephron most permeable to both diffusional and osmotic movement of water. It is followed, in order, by the collecting duct and the ascending limb of Henle's loop. Antidiuretic hormone changes the permeability of collecting ducts to a marked degree but does not affect the permeability of the other structures. In general a similar gradation in permeability was noted with regard to NaCl, the descending limb being quite permeable to this salt but the ascending limb and collecting duct relatively impermeable. However, the permeability of collecting ducts to NaCl does not change significantly after ADH. In contrast to the marked difference in the permeabilities of the various segments of the nephron to water and NaCl their permeabilities to urea are similar. For all structures the permeability coefficient for urea is an order of magnitude or more higher than that found in cortical portions of the nephron (6). When there was an osmotic and chemical gradient for urea it readily crossed the membrane of all structures.
The data obtained for the vasa recta are incomplete as inulin was not an adequate marker for movement of water and ascending and descending vasa recta have not been separately identified.
However, the values represent the lower limits of permeability as some vessels, the results of which have not been included, were very permeable to lissamine green and inulin. The high permeability to solute and water make it unlikely that .^ _--. Lever's hypothesis (11) could be correct because, for hydrostatic pressure to be effectively converted to osmotic work, a membrane should be impermeable to solute. The relatively high permeability of both limbs of the loop to urea is ideally suited for a countercurrent exchanger. If net addition of urea to the medulla is mainly from collecting ducts (lo), whether by active or passive process, urea will enter the descending limb and reach its highest concentration near the hairpin bend. Depending on the rate of flow there will be a lag in equilibration in the ascending limb and soIne urea in excess of that which entered in the descending limb may leave the medulla.
This possible dissipation of the urea content is prevented by the relative impermeability of the cortical portions of the nephron to urea which is thus returned to the medulla via collecting ducts. out studies at an earlier time after removal of the papilla have not given any evidence of the activity of a sodium extrusion pump, or a pump linked to water movement in any structure of the papilla.
Some Xa+-K+ exchange was found in the collecting duct. It seems almost certain from previous evidence in vivo (7) that there is a sodium pump in the collecting duct; it is also probable that active sodium transport occurs in the entire ascending limb and probably in the descending limb. It appears, however, that in the present preparation some essential condition or requirement for sodium transport is lacking. These results suggest that osmotic equilibration in the descending limb may occur by movement of urea and NaCl rather than by water movement alone. The net entry of ,NaCl into the descending limb observed in these studies may be greater than would occur in vivo if there is an outward directed active sodium transport process.
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